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(54) [Name of Invention] Contact assembly for 
automatic test handler 



(57) [Abstract] 
[Purpose] 

A contact assembly for use in testing electronic 
devices such as integrated circuits (ICs) and the like. 

[Structure] 

The contact assembly 20 has a test fixture 68 having 
a test contactor, a corresponding carrier module 
aligned on a test tray 24 for positioning the electronic 
devices to be tested in alignment with the test 
fixture 68, and a vertical drive for driving die carrier 
module 22 to meet with the test contactor. The 
vertical drive 66 is provided with an individual drive 
for giving an additional contact force to said carrier 
module and said test contactor. The vertical drive 66 
further includes a lead pusher for ensuring ideal 
contact pressure for the leads of the electric devices 
with the test contactor. The carrier module is 
provided with a plurality of slits for separating the 
leads of the electric devices and inviting the test 
contactor. 
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[Claims] 

[Claim- 1 ] A contact assembly for use in an 

automatic test handler in connection with an 
electronic device test system having a test signal 
generator and a signal comparator, comprising: 
a test fixture having a plurality of test contactors 
corresponding to electric devices to be tested, said 
test contactors contact with leads of said electronic 
device under test, and said test contactors provide 
said electronic device under test stimulus test 
signals from said test signal generator and receive 
the resulted signals from said electronic device to 
said signal comparator; 

a vertical drive having a plurality of pushers and 
individual drives corresponding to said electronic 
devices to be tested, said vertical drive moves in a 
vertical direction to carry said electric devices in 
proximity with said test contactors, said individual 
drives move independently from said vertical drive 
to provide further vertical movement to said 
electronic devices through said pushers at the final 
state of said contact with said test contactor; 
a test tray having a plurality of carrier modules for 
carrying said electronic devices to be tested to a 
corresponding test position between said test 
fixtures and said vertical drive, wherein each of 
said carrier modules has seats for setting said 
electric devices to be tested therein. 

[Claimr2] A contact assembly as defined in 

claim 1, wherein said test tray comprises a plurality 
of frames on which said carrier modules sure 
flexibly aligned so that said carrier modules float 
over the frame in the process of said contact for 
easy positioning with respect to said pusher and 
said test contactor. 

[Claim-3] A contact assembly as defined in 

claim 1 wherein said pusher includes a lead pusher 
for giving the leads of said electric devices to be 
tested a pressure to sufficiently contact with said 
electric device. 

[Claim-4] A contact assembly as defined in 

claim 1, wherein said pusher is aligned on said 
vertical drive so that said pusher is movable with 
respect to said vertical drive within a limited range 
for allowing an easy positioning with respect to 
said carrier module. 
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[Claim-5] A contact assembly defined in 

claim 1, wherein said individual drive moves 
independently from said vertical drive as well as 
providing further vertical movement to said carrier 
modules at the final stage of said contact between 
said electric device to be tested and a test 
contactor. 

[Claim-6] A contact assembly as defined in 

10 claim 1, wherein said individual drive includes a 

membrane and a piston, said membrane deforms by 
a force derived from a compressed air for 
providing a downward moment to said piston to 
further press said carrier module at the stage of said 
contact. 

[Claim-7] A contact assembly as defined in 

claim 1, wherein said pusher on said vertical drive 
first contacts with said carrier module on said test 
20 tray and floats on said test tray for easy positioning 
with said test contactor, and then the combination 
of said pusher and said carrier module on said test 
tray contacts with said test tray for easy positioning 
with said test contactor. 

[Claim-8] A contact assembly as defined in 

claim 1 wherein said carrier module includes a 
plurality of slits defined for separating said device 
leads and inviting said test contactor therein. 

30 

[Claim-9] A method of electrically 

contacting said electronic device leads in a contact 
assembly for testing said electronic devices by an 
automatic test handler providing test signals, 
comprising: 

providing a plurality of said test contactors at the 
bottom of wherein said contractor assembly, said 
test contactors is provided with said test signals for 
communication with said electric devices under 

40 test; 

positioning a test tray having a plurality of carrier 
modules for carrying electronic devices to be tested 
to a corresponding test position in said electronic 
device test system, wherein each of said carrier 
modules has seats for setting said electronic 
devices to be tested therein; 
providing a vertical drive having a plurality of 
pusher and individual drives corresponding to said 
electronic devices to be tested, said vertical drive 

50 moves in a vertical direction to carry said electric 
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devices into proximity with said test contactors; 
driving said vertical drive downward so that the 
contact between each of said pushers and each of 
said carriers modules and each of said test 
contactors occurs by the following sequence: 

a. said pusher floats at the beginning of a contact 
with said carrier module for positioning; 

b. a combination of said pusher and said carrier 

module floats over said frame of said test tray; 10 

c. said combination of said pusher and said 
carrier module contact each other; 

d. said vertical drive slightly further moves 
downward and stops; 

providing an additional downward movement to 
said carrier module by said individual drive. 

[Claim-10] A contact assembly as defined in 

claim 3, wherein said lead pusher is made of 20 

sapphire. 

[Detailed Description of Invention] 
[0001] 

[Technological Field of the Invention] This 

invention relates to a contact assembly for testing 

electronic devices such as integrated circuits (ICs), 

semiconductor chips, and the like, and more 

particularly, to an electronic device contact 30 

assembly for improving the productivity and 

reliability of a test head contact mechanism used in 

an automatic test handler using a test tray for 

mounting the electronic devices to be tested. 

[0002] 

[Background of the Invention] In the electronics 
industry, there is a constant demand for electronic 
devices, such as integrated circuits (ICs) or 
semiconductor chips, to be produced less 40 
expensively and in smaller dimensions while 
simultaneously increasing the density of electronic 
functions within the devices. One way to increase 
productivity of such electronic devices, and thereby 
reduce their unit cost, is to increase the test speed 
of the devices by testing a plurality of them at the 
same time. 

It has become a test technology standard to place a 

number of electronic devices to be tested on a test 

tray and position them so as to be engaged by a test 50 



head plate having a number of corresponding test 
contactors (contractors for testing). One device 
(electronic device) is placed on a seat of a carrier 
module, and each carrier module is provided with 
one or more device seats. A number of modules are 
then positioned in both columns and rows on a test 
tray. The test tray having a number of carrier 
modules is arranged so as to be in vertical 
alignment (either above or below) with a test 
fixture. The test fixture includes test contactors 
(test pins). A test contractor supplies a test signal 
by contacting a pin in a device to be tested, and 
receives a signal resulted by the test from the 
device. Each module is aligned with a 
corresponding test contactor so that when either the 
test tray or the test fixture are moved in a vertical 
direction toward the other, the contactor engages 
the electronic device positioned within the carrier 
module. 

[0003] The contactor is provided with a number of 
test pins or leads which are connected electrically 
with the leads of the electronic devices to be tested 
The automatic test handler is electrically connected 
to a electronic device test system, for example, an 
IC tester. The electronic device test system 
includes a test signal generator for supplying a test 
signal to the device to be tested, and with a signal 
comparator for analyzing the results of the test. 
Based on such results, the electronic devices are 
transferred to another location in the test process 
and sorted for proper handling. 

[0004] 

[Object of the Invention] Thus, in order to increase 
the volume of electronic devices that can be tested 
in the manner described above during a given 
period of time, it is desirable to maximize the 
efficiency of the contact test assembly, including 
the test contactor and the carrier containing the 
electronic devices. However, such standard 
electronic device test systems described above 
suffer from a number of disadvantages. First, it is 
difficult to accurately layout and position the 
device to be tested with respect to the contactors in 
the test fixture for engaging the electric leads of the 
devices. As a result, a problem arises in that an 
electrical contact between the leads of the device 
and the contactor is not perfect. It is especially true 
when an electronic device to be tested becomes 
small and a spacing between the leads of the device 
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becomes small. Further, when a large number of 
electronic device to be tested are arranged on the 
test tray, the positioning error in one unit of the 
device will increase by the multiple of the number 
of the devices aligned on the tray and thus cause a 
serious misconnection problem. 

[0005] Secondly, even if the large number of 
devices to be tested are aligned accurately on the 
test tray, the accuracy of positioning may be 
degraded because of a small deformation or 
curvature in the test tray caused by uneven thermal 
expansion or contraction from immersion in a 
temperature regulated test chamber. Such test 
chambers are commonly used to simulate particular 
device operating temperatures. In that situation, the 
distance from the contactor to the corresponding 
device to be tested may change and, as a result, the 
electrical connection for some devices will be 
imperfect due to the lack of sufficient proximity 
between the contactor leads and the device leads, 
while some other devices will mate with the 
contactor leads too tightly. Thus, there exists a 
problem with using large trays in order to increase 
the number of devices simultaneously tested in the 
test handler and, therefore, the number of 
electronic devices that can be tested at one time is 
currently limited. 

[0006] Third, for improving the high frequency 
performance and increasing the device function 
density, the spacing between the leads of the recent 
electronic devices to be tested is getting smaller 
and smaller, and as a result, the leads are becoming 
thinner. At the same time, the length of the leads is 
getting shorter. In testing these smaller electronic 
devices in a test handler, it is sometimes difficult to 
firmly contact the leads of the devices with the 
contactor leads, since both leads are not physically 
strong enough to sustain the firm contact force 
between them, and are prone to breakage. 

[0007] Additionally, the size and configuration of 
standard electronic chips are rapidly changing. 
Some of the high speed ICs have very short signal 
leads, instead of the relatively longer leads used in 
the conventional dual in-line-package (DIP) type. 
For example, the newest type of IC device is 
molded in a package called a TSOP (Thin Small 
Outline Package), which will be described in more 
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detail later. When utilizing a test tray to test such 
IC devices, it is necessary to employ a new carrier 
module to secure an electrical isolation between the 
leads of the electronic device and also to eliminate 
the deformation of the leads of the IC devices. 

[0008] Thus, there is a serious need in the 
electronic device test industry for a contact 
assembly which can overcome the problems 
1 0 described above. 

[0009] 

[Means and Effects for Solving the Problems] The 
present invention comprises an improved contact 
assembly for an automatic test handler which can 
therefore be used to test substantially increased 
volumes of such devices during a given time. 
The contact assembly comprises a test tray having 
one or more IC carrier modules which can securely 
20 retain chips of various configurations, a vertical 

drive having a pusher arrangement for pushing the 
carrier module downward, and a test contactor for 
supplying and receiving test signals. The contact 
assembly of the present invention can efficiently 
make electrical contact between the test contactors 
in the test fixture and the leads of modern ICs by 
utilizing a pusher assembly and a carrier module. 
This arrangement is not mechanically complicated 
and allows for substantially increased test density. 

30 

[0010] The pusher arrangement of the present 
invention is flexibly arranged in the vertical drive 
so that it can movable within a limited range. 
Because the pusher is flexibly assembled or is 
"floating**, positioning and engagement with 
respect to the carrier module can be easily made 
when the vertical drive descends and meets with 
the test tray. The pusher arrangement also includes 
a lead pusher which is made from insulating 
40 materials such as sapphire for pushing the electric 
leads of the IC device to be tested so that the leads 
realize sufficient contact with the test contactor of 
the test fixture. 

[001 1] The carrier modules of the present 
invention are loosely assembled on the test tray for 
easy horizontal positioning with the pusher 
arrangement and at the same time capable of 
adjusting vertically when engaged with the pusher. 
50 The combined pair of the carrier module and the 
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pusher becomes floating state when it makes a 

contact with the test contactor so that it can adjust 

the position to be ready for insertion of test 

contactor into carrier module. 

The vertical drive is also provided with a plurality 

of individual drives corresponding to each of the 

carrier modules for independently pushing the 

carrier module so that the device in the carrier m 

can perfectly contact with the contactor leads. The 

individual drive overcomes the fluctuations of 10 

spacing between the leads of the device and the 

contactor due to the curvature of the tray or the 

degradation of flatness of the test fixture by 

independently provides additional stroke to the 

carrier module. 

[0012] The carrier module of the present invention 

includes a plurality of slits on the floor of the seat 

to allow the contactor leads to come in from the 

bottom of the module to meet with the leads of the 20 

device to be tested. The slit in the carrier module 

also works as an electrical isolator for the device 

leads. This structure of the carrier module 

specifically preferable to the newer IC package 

called TSOP since the spacing between the leads is 

extremely small and the leads of the TSOP are very 

thin. 

[0013] Thus, the contact assembly for the 

automatic test handler of the present invention 30 

provides a unique combination of a vertical drive 

having a pusher and a individual vertical drive and 

a test tray flexibly aligning a large number of 

carrier modules and a test fixture having a test 

contactor. In accordance with the present 

invention, the contact assembly provides an 

improved mechanism that can quickly and 

efficiently test a large number of electronic devices 

simultaneously. 

40 

[0014] 

[Embodiment] To facilitate a better understanding 

of the present invention, the description will be 

given regarding a new automatic test handler 

wherein the present invention will be employed, 

however, it should be understood that a contact 

assembly of the present invention may be 

employed in a wide variety of automatic test 

handler. FIG. 1 illustrates generally an automatic 

test handler 20 utilizing a contact 50 
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assembly and test trays in accordance with the 
present invention. A rear view of the test handler of 
FIG. 1 is illustrated in FIG. 2. 

[0015] Automatic Test Handler 
Some electronic devices, for example, the newest 
type of IC memory chips, are packed in trays 
("customer trays") by manufacturers of the devices 
and for sale in the market. The shape and size of 
the customer trays vary from manufacturer to 
manufacturer. In the test handler 20 of FIG. 1, the 
electronic devices to be tested are first transferred 
from the customer tray to carrier modules within a 
test tray to facilitate operation of the test handler. A 
typical carrier module and test tray are shown in 
FIGS. 5 and 6 and will be described in more detail 
below. Essentially, a number of test trays 
containing electronic devices are processed through 
the test handler 20 of FIG. 1 in a stage-by-stage 
manner in order to test the electronic devices for 
defects. The focus of the present invention is in the 
test head stage where the contact assembly is 
located 

[0016] The electronic device test system of FIGS. 
1 and 2 is comprised of a loader 26, a load pick and 
place 28, an unloader 30, a soak chamber 34, test 
heads 36a, 36b, an unsoak chamber 38 and two sort 
pick and place devices 32a,b. The test handler 20 
of FIG. 1 also includes an operator console 35, a 
control module and an electronic module (not 
shown) for interfacing with a test system, for 
example an IC tester. 

[0017] FIG. 3 summarizes the overall procedure of 
testing the IC devices in accordance with the 
automatic test handler 20 of FIG. 1, and is a useful 
reference in connection primarily with FIG. 1, for 
the following description. 
The loader 26 is comprised of one or more 
customer tray magazines 40, a loader catcher 48, a 
buffer 50, loader stages 52a, 52b, and a transfer 
arm 54. A customer tray 42 is a tray carrying a 
plurality of IC devices on it for delivery of the IC 
devices to a user of the IC devices. The customer 
tray 42 differs in its shape, size, and number of IC 
devices to be carried from IC manufacturer to 
manufacturer. The customer trays 42 with IC 
devices to be tested are installed in the customer 
tray magazines 40, the maximum number of which 
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is typically twenty-four trays for each magazine. 
Loader elevator 56 positioned underneath of the 
customer tray magazines 40a and 40b (not shown 
but next to 40a), push the customer trays 42 to the 
top of the customer tray magazines one by one. 
The loader catcher 48 descends and picks up the 
top customer tray 42. The loader catcher 48 goes 
up to the original position and then moves 
horizontally until a position right over the buffer 
50. The customer tray is unloaded from the loader 
catcher 48 to the buffer 50. The loader catcher 48 
goes back to the original position to catch the next 
customer tray. 

[0018] The transfer arm 54 shown in the middle of 
FIG. 1 can move in both horizontal and vertical 
directions. The transfer arm 54 receives the 
customer tray 42 on the buffer 50 and transfers the 
customer trays 42 to a loader stage 52. Thus, as 
illustrated in FIG. 1, the customer tray 42 is set on 
the loader stage 52b. In the actual system, 
preferably, two customer trays 42a and 42b are 
respectively set on the loader stages 52a and 52b to 
be ready for the next sequence of the test handler 
20. 

The load pick and place 28 can move freely in a 
horizontal plane upon sensing the positions of the 
electronic devices, the customer trays 42, and a test 
tray 24. The load pick and place 28 picks one or 
more of the electronic devices to be tested from the 
customer trays 42a and 42b and transfers the 
devices to the test tray 24a. For example, the load 
pick and place 28 has eight vacuum heads or 
suction inlets which pick the devices up using a 
compressed air. 

[0019] The IC devices 44 (shown in FIG. 5(B)) are 
transferred from the customer tray to the test tray 
because the automatic test handler 20 requires 
more accurate and precise positioning of the 
devices to ensure sufficient contact between the 
device leads and the contactors of the test heads 
36a and 36b. Since the primary purpose of the 
customer tray is to provide the electronic devices to 
customers in a packed form, the layout of device 
holding seats are not necessarily accurate. 
Therefore, preferably, the load pick and place 28 
stops over a precisor 58 and drops the electronic 
devices thus brought from the customer tray 42 
into seats 59 on the precisor 58, and then picks up 
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the devices again. The purpose of the precisor 58 is 
to align and correct the spacing of the electronic 
devices picked up from the customer trays. The 
emptied customer trays are transferred to the stages 
of die unloader 30 for receiving the tested devices 
depending on the test result. 

[0020] The test trays 24 includes a plurality of 
carrier modules 22 (FIGS. 5(A) and 5(B)) precisely 

10 aligned but still flexibly movable on the frame of 
the tray, the details of which will be described with 
respect to FIGS. 5 and 6. Each carrier module 22 is 
loaded with the electronic device to be tested in a 
seat by means of the load pick and place 28 as 
described above. The test trays 24 thus filled with 
the devices are transferred to the soak chamber 34. 
As illustrated in the right hand side of FIG. 2 
(which is a rear view of the test handler shown in 
FIG. 1), at the direction of the control module, the 

20 test tray 24 is loaded on a top part of a chamber 
elevator 60 of the soak chamber 34 through a 
passageway 62. 

[0021] The test trays are timely and orderly 
conveyed by the chamber elevator 60 through the 
soak chamber 34 in which the ambient temperature 
is selectively elevated above or lowered below the 
temperature external to the test system to such a 
degree that, at the conclusion of the passage of the 

30 test trays through this chamber, the electronic 

devices are at a desired testing temperature. At the 
conclusion of the soak stage, each tray of electronic 
devices is transferred through a passageway 64 into 
the test heads 36a and 36b, the environment of the 
test heads being suitable to maintain the devices at 
their desired testing temperature. 
The test heads 36a and 36b respectively comprise a 
vertical drive for driving the test tray 24 downward 
and a test fixture 68 for providing a test signal to 

40 the electronic devices and receiving the resulted 

signal through test contactors (FIG. 4). The devices 
44 are energized, signaled and their responses are 
monitored for test purposes by an IC tester (not 
shown) which communicates with the devices 44 
via the test fixture 68. 

[0022] At the conclusion of the test, each set of 
electrical devices is transferred from the test heads 
36a and 36b to a chamber elevator 72 at the bottom 
50 of the unsoak chamber 38 through a passageway 
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74. Each of the test trays is gradually conveyed 
through the unsoak stage via the chamber elevator 
72. During this time, they are exposed to an 
environment in which heat is transferred from or to 
the electronic devices to the extent that, at the 
conclusion of this stage, the temperature of said 
electronic devices is at or near equilibrium with the 
environment external to the test system. 

[0023] The test trays 24 are then removed from the 10 

unsoak chamber 38 through passageway 76 and 

placed on the predetermined position on the test 

handler 20 as shown in FIG. 2. In the example of 

FIG. 1, two test trays 24b and 24c carrying the 

tested electronic devices are positioned on the floor 

of the test handler 20 to be accessed by two sorting 

pick and place devices 32a and 32b. Hie sorting 

pick and place devices 32a and 32b pick up the 

tested devices and place the devices in the seats of 

the customer trays 42 on unloader stages 78 20 

depending on the test results. The unloader 30 is 

comprised of the unloader stages 78, the transfer 

arm 54 and customer tray sort magazines 80 having 

elevators 81 therein. Although only two sort 

magazines 80 are shown in FIG. 1 for the unloader 

30, in the actual system, all sorting positions are set 

with the sort magazines 80 to receive the customer 

trays 42. The electronic devices are thus classified 

based on the test results and set in the appropriate 

customer trays. 30 

[0024] Although each of these principal 

components of the present invention are described 

in more detail below, several components are also 

the subject of copending and commonly owned US 

patent applications which are hereby incorporated 

as reference. For example, the system 

configuration and method of the automatic test 

handler is subject to the US patent application 

803,159 and the loader/unloader system is subject 40 

to the US patent application 803,154. Furthermore 

the loader and unloader pick and place mechanisms 

are the subject of the US application 801,875. 

[0025] Contact Assembly 

The foregoing is a simplified overall operation of 

the automatic test handler of FIG. 1. The present 

invention particularly relates to a contact assembly 

of the test head 36 in the tester of FIG. 1. As seen 

in detail in FIG. 4, a basic structure of the contact 50 
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assembly of the test head 36 in accordance with the 
present invention is shown. The test head 36 is 
comprised of a vertical drive 66, a fixture 68, and 
tray guides 70 supporting the test tray 24 
therebetween. The test fixture 68 is fixed while the 
vertical drive 66 descends and as a result, the test 
tray 24 is driven downward to engage with the test 
fixture 68. A top of the housing 71 of the tray 
guide 70 touches housing 84 of the vertical drive 
66 when the vertical drive 66 comes down. Any 
drive mechanism, such as an elevator mechanism 
or a compressed air membrane can be used for the 
power source of the vertical drive. 
The tray guides 70 for the test trays 24 in the test 
heads 36 are biased by, for example, springs so that 
the guides can keep the tray 24 at the same height 
as the passageway 64 when no downward force is 
given. However, by the force provided by the 
vertical drive 66, both the test trays 24 and the tray 
guide 70 are pushed downward until the leads 46 of 
the devices 44 to be tested can sufficiently contact 
with the contactor leads of the test fixture 68. 
While in the test stage, the electrical leads of all the 
devices are electrically connected to the test fixture 
68. The leads of the fiill set of devices can be 
contacted simultaneously, or the leads of suitable 
subsets of the devices can be contacted 
simultaneously in steps, depending on the capacity 
of the test heads 36a,b. 

[0026] Further referring to FIG. 4, the test fixture 
68 comprises a test contactor 103, a test socket 
108, a socket guide 1 10, connection leads 1 12, a 
sub-socket board 1 14, a socket board 1 16, a spacer 
1 18 and a base 120. The test contactor 103 is 
comprised of a plurality of conductive pins in 
parallel as shown in FIGS. 7-12 in detail. The 
spacing of the conductive pins in the contactor 103 
is identical to the spacing of the leads of the IC 
device to be tested. The connection leads 1 12 
transmit electronic signals to and from the IC 
device under test to an interface electrical circuit 
on the socket board 1 1 6 for electrical connection 
with an IC Tester (not shown) which generates test 
signals for the IC devices. The socket guide 110 
defines the position of the carrier module by 
inserting into the guide hole 106. 

[0027] FIG. 5(A) shows a perspective view of an 
example of a carrier module 22 for placing an IC 
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device in its seat for testing the IC in accordance 
with the present invention. The carrier module 22 
is made, for example, by plastic mold process and 
is formed in symmetrical manner with respect to 
the center. The carrier module includes a seat 100 
at the center of the body, upper guide holes 104 
having tapered inlets 105, slits 102, lower guide 
holes 106, stopper nails 126 and aligning ends 128. 
In this example, in each seat 100 of the carrier 
module 22, an IC device to be tested is seated with 
its electric leads 46 on the floor of the seat. On the 
floor of the seat 100, there is provided a plurality of 
slits 102 corresponding to the leads 46 of the 
device 44 so that the test contactor 103 in the test 
fixture 68 can enter therethrough to contact with 
the device leads. 

Thus, in FIG. 5(A), the portion of the leads 46 are 
inserted in the slits 102. The positional relationship 
between the leads 46, the slits 102 and the test 
contactor 103 will be described in detail later with 
respect to FIGS. 7-12. In the seat of the carrier 
module 22, a pair of steps 130 are preferably 
provided for determining the position of IC device 
44 to be tested when the IC devices 44 are dropped 
by the load pick and place 28 from the customer 
tray to the test tray 24 as described above. 

[0028] FIG. 5(B) is a cross sectional view of the 
carrier module of the FIG. 5(A) taken along the 
line A-A including an IC to be tested. The IC 
package in FIG. 5(B) is one of the newest type of 
IC packages and is called a TSOP (Thin Small 
Outline Package). The characteristics of the TSOP 
is that it has electric leads at the longitudinal ends 
of the package and the overall height is under 1 .27 
millimeter and the spacing between the leads is 
under 0.8 millimeter and the lead width is under 
0.4 millimeter. Because the lead spacing and the 
lead width are very small, the slits 102 are 
provided in the carrier module 22 for securing the 
electrical separation among the leads 46. 

[0029] The test trays 24 support a plurality of 
carrier modules 22 aligned in rows and columns. 
The outer shape of each carrier module 22 is 
precisely identical with the others so that the 
position of the test fixture 68 with respect to the 
test tray 24 can be precisely defined. Instead of 
having modules with a precise outer shape, 
however, it is also possible to utilize other 
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positioning means, for example, a framework 
arranged in rows and columns including contact 
means to attach carrier modules. In the example of 
FIG. 6, a plurality of carrier modules 22 are aligned 
in each position of the test tray 24 defined by the 
frame 98. 

FIG. 6 is a plane view of one of the examples of 
the test tray 24 and the tray guide 70 in accordance 
with the present invention. The test tray 24 is 
1 0 guided by the tray guide 70 to maintain the 

horizontal plane. The tray guide 70 includes a 
plurality of rotors 96 which engage with indents on 
both side frames 99 of the test tray 24. Thus the 
test tray 24 is planarly supported by the rotors 96 
and, at the beginning and die ending of the test of 
the devices, transferred to die next stage of the test 
handler by rotation of the rotors 96. 

[0030] Although only three carrier modules 22 are 
20 assembled on the test tray 24 as a convenience of 
explanation, in an actual device a full number of 
carrier modules, for example sixty-four, are 
installed on the test tray 24. The test tray 24 has 
frames 98 and side frames 99 both of which have 
windows 132 wherein the stopper nails 126 of the 
carrier module 22 as seen in FIG. 5(A) are inserted. 
The adjacent windows 132 on the frames constitute 
indents 134 wherein the aligning ends 128 of the 
carrier module shown in FIG. 5(A) are engaged. 
30 Since the stopper nail 126 is flexible because it is 
thin and is made of plastic materials, it is easily 
inserted in the window 132. 
Once the stopper nail 126 is inserted in the window 
132, it works as a stopper preventing the carrier 
module 22 from going upward over the 
predetermined distance. Thus, the carrier module 
22 can significantly move in upward direction 
(floating) over the test tray 24 until it is restricted 
by the stopper nails. The carrier module 22 also 
40 can flexibly move in a horizontal plane on the test 
tray 24 because the indent 134 is designed wider 
than the aligning ends of the carrier module 22 and 
there is a small gap 156 therebetween. The reason 
for having floating capability in both vertical and 
horizontal direction in the assembly of the carrier 
module on the test tray 24 is to secure flexibility 
for positioning when the carrier module contacts 
with the test socket 108, which will be described in 
more detail with respect to FIGS. 7-12. 

50 
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[003 1] The carrier module 22 is arranged on the 

test tray 24 at the position defined by the frame 98. 

However, similar to the pusher 88 the carrier 

module 22 can significantly move in an upward 

direction (floating) and also slightly move in a 

horizontal direction. Also referring to FIG. 4, the 

guide hole 104 invites the guide 92 on the pusher 

88 through a tapered inlet 105 at the top of the hole 

104. Thus, the positional relationship between the 

pusher 88 and the carrier module 22 is determined 10 

by pusher guide 92 and the guide hole 104. The 

diameters of the guide holes 104 and 106 are 

preferably selected to be different from so that the 

ends of the guide holes work as a stopper for the 

guide 92 in the pusher 88 and the socket guide 110 

in the test fixture 68. The guide hole 106 is used 

for accurately positioning the carrier module 22 

with respect to the test contactor 103, as will be 

described below. 

20 

[0032] FIG. 7(A) is a cross sectional view 

showing the detailed structure of the preferred 

embodiment of the contact assembly in accordance 

with the present invention. In FIG. 7(A), only one 

set of a pusher 88, a carrier module 22 and a test 

socket 108 is shown for simplicity explanation, 

however, in an actual system, a large number of the 

sets, for example, sixty-four sets of such 

combination are aligned in row and column as 

illustrated in FIG. 6. 30 

As has been described with respect to FIG. 4, and 

more clearly seen in FIG. 7(A), the vertical drive 

66 comprises the housing 84, the individual drive 

86, the pusher 88, the pusher support 89, the lead 

pusher 90 and the pusher guide 92. The individual 

drive 86 comprises a membrane 138, a piston 140, 

a piston support 141, a spring 142, a membrane 

support 139 and a room 144. A ceiling 146 of the 

room 144 is air-tightly sealed so that when a 

compressed air is provided between membrane 138 40 

and the ceiling 146 the membrane 138 deforms and 

pushes down the piston 140 through the piston 

support 141 as shown in FIG. 12(A). 

[0033] The test fixture 68 comprises, as briefly 

described in FIG. 4, the test contactor 103, the test 

socket 108, the socket guide 1 10, connection leads 

1 12, the sub-socket board 1 14, the socket board 

1 1 6, the spacer 1 1 8 and the base 1 20. The test 

contactor 103 is comprised of a plurality of parallel 50 
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conductive pins the spacing of which is identical to 
that of the IC device 44 to be tested. The test 
contactor 103 and the connection leads 112 are, 
preferably, integrally formed by an electrically 
conductive material. The connection leads 112 
transmit electronic signals to and from the IC 
device under test to an interface electrical circuit 
on the socket board 1 16 for electrical connection 
with an IC Tester (not shown) which generates test 
signals for the IC devices. The socket guide 110 
defines the position of the carrier module 22 by 
inserting into the guide hole 106. At the lower 
portion of the socket guide 110, there is provided a 
spring 1 15 to react to the weight of the pusher 88 
and the carrier module 22 which will be described 
later with respect to FIGS. 9 and 10. The sub- 
socket board 1 14 for supporting the test socket, the 
spacer 1 18 for obtaining a certain space for the 
electronic circuitry on the socket board 116 and the 
base 120 for supporting the socket board 116, 
spacer 118, etc., are used, if necessary, depending 
on the structure of the test fixture 68. At the floor 
of the test handler 20, a level adjuster 153 is 
provided to function as a stopper for the downward 
movement of the vertical drive 66 and the tray 
guide 70. Thus, the level adjuster 153 is adjusted to 
determine the final positional relationship of the 
contactor assembly of the present invention for the 
complete electrical contact between the device 
leads 46 and the test contactor 103. 

[0034] FIG. 7(B) is a cross sectional view showing 
the positional relationship, at the state of FIG. 7(A) 
between the leads of the electronic device 44 in the 
seat of the carrier module 22 and the slits 102 at the 
floor of die carrier module 22 taken along the line 
A-A in FIG. 5(B). In this example, the newest type 
of IC package called TSOP as describe above with 
respect to FIG. 5(B) is illustrated. When at rest, 
i.e., the state where the IC device is simply placed 
in the seat of the carrier module, each of the leads 
46 is inserted into the corresponding slit 102 so that 
the leads are electrically isolated from each other 
by a comb 158. As seen in FIG. 7(B), the leads 46 
of the IC device 44 are positioned at about the 
center of the slits 102, for example, 0.2 millimeter 
from the top of the comb 158. The vertical length 
of the comb 158 in this example is about 0.8 
millimeter. 
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[0035] FIGS. 8-12 are cross sectional views 
corresponding to the view in FIG. 7(A) for 
showing the contact procedure of the device leads 
46 and the test contactor 103 in accordance with 
the present invention. FIG. 8(A) shows the state, by 
further descent of the vertical drive 66 from the 
state illustrated in FIG. 7(A) (at rest), where the 
guides 92 of the pusher 88 are inserted in the guide 
holes 104 of the carrier module 22. This insertion 
can be done smoothly because of the tapered shape 
both at the ends of the guides 92 and the guide 
holes 104. Further, as describe above, since both 
the pusher 88 and the carrier module 22 are 
horizontally movable because of the space 95 at the 
side of the pusher and the gap 1 56 at the side of the 
carrier module 22, adjustment of the position 
between the two will be easily accomplished. The 
insertion of the pusher into the carrier module has 
been done only by the weight of the pusher 88. At 
this stage, there is a gap between the bottom of the 
housing 84 of the vertical drive 66 and the top of 
the tray guide 70 and thus the pusher is still 
engaging with the pusher support 89. Since the test 
tray guide 70 and thus the test tray 24 are biased by 
for example a spring (not shown) the force of 
which is sufficiently greater than the gravity of the 
pusher 88, there is no change in the vertical 
position of the test tray 24. 

[0036] FIG. 8(B) is a cross sectional view showing 
the positional relationship between the device leads 
46, 103, the slits 102 and the lead pusher 90 at the 
state of FIG. 8(A). As seen in the drawing, the 
vertical position of the device leads 46 with respect 
to the slits 102 and thus the comb 158 is the same 
as that of FIG. 7(B). However, the lead pusher 90 
on the pusher 88 is inserted in the seat of the carrier 
module and, as a result, the lead pusher 90 lightly 
touches the top of the comb 158 but does not 
contact with the end portion of the device leads 46 
where the test contactor 103 contacts at the final 
stage of the contact procedure. 

[0037] FIG. 9(A) shows the moment where the 
housing 84 of the vertical drive 66 begins to 
contact with the top face 71 of the tray guide 70. 
By the bias force as above in the tray guide 70 and 
the test tray 24, which is sufficiently greater than 
the weight of the pusher 88, the pusher cannot 
force the test tray down by the further downward 
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movement of the vertical drive 66 from the state of 
FIG. 8(A) but instead floats over the pusher 
support 89. Therefore, the tapered head 94 of the 
pusher 88 no longer engages with the tapered edge 
150 of the pusher support 89. Thus, the 
combination of the pusher 88 add the carrier 
module has now became flexible and ready to 
adjust the position with respect to the test contactor 
103 in the test fixture 68. As the same way in FIG. 
10 8(A), the carrier module 22 receives the gravity of 

the pusher 88 through the lead pusher 90 and the 
pusher body which touches the frame of the carrier 
module 22. The positional relationship between the 
device leads 46, the slits 102, the conib 158 and the 
lead pusher 90 remains the same as that of FIG. 
8(B). 

[0038] FIG. 10(A) shows a state where the 
combination of the pusher 88 and the carrier 

20 module 22 is engaged with the test socket 108 by 
the insertion of the socket guide 110 into the lower 
guide hole 106 of the carrier module 22. Since the 
carrier module 22 was in floating state with the 
combination of the pusher 88 the positioning for 
the test socket 108 is easily accomplished by the 
taper portions of the socket guide 110 and the 
lower guide hole 106. A bottom 73 of the tray 
guide 70 is not reached to the level adjuster 153. In 
this state, the insertion of the socket 110 into the 

30 carrier module 22 is made by the weight of the 

pusher 88 and the carrier module 22. Therefore, as 
shown in FIG. 10(B), the test contactor 103 lightly 
touches the device leads 46 which is not sufficient 
contact for electronic communication from the test 
signal to the device 44. 

[0039] FIG. 1 1 shows a state where the downward 
movement of the vertical drive 66 is stopped by the 
level adjuster 153. Since the spring force at the 

40 spring 1 1 5 is greater than the gravity of the 
combination of the carrier module 22 and the 
pusher 88, the carrier module and the pusher 88 
slightly ascend from the state of FIG. 10(A) and 
cause a gap 155 between the carrier module 22 and 
the frame 99 of the test tray 24. This redundancy in 
the vertical direction is important in compensating 
the variance of the distance from the test contactor 
103 and to the corresponding device 44 to be tested 
caused by a deformation or curvature in the test 

50 tray or the tray guide or the like. In FIG. 1 1 , the 
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relationship between the device leads 46, the lead 
pusher 90, the combs 158 and the test 
contactor 103 remains the same as that shown in 
FIG. 10(B). 

[0040] FIG. 12(A) shows a final stage of the 

contact process in accordance .with the present 

invention. After the vertical drive stopped its 

downward movement by the level adjuster 153, the 

individual drive 86 further drives down the carrier 1 0 

module 22 to achieve sufficient electric contact in 

the device leads 44 and the test contactor 103. 

Namely, a compressed air is provided between 

membrane 138 and the ceiling 146, and as a result, 

the membrane 138 deforms and pushes the piston 

140 through the piston support 141. The force of 

the spring 1 15 is now overcome by the individual 

drive 86 and the socket 108 is allowed further 

insertion in the carrier module 22 as illustrated in 

FIG. 12(A). By the reaction of the test contactor 20 

103, the end portion of the device leads 46 will be 

raised until restricted by the lead pusher 90. 

Therefore, as shown in FIG. 12(B), the device 

leads 46 contact with the test contactor 103 in the 

increased contact pressure, which is ideal for 

perfect electrical contact for testing the device 44. 

In FIG. 12, the end portion of the device leads 46 is 

positioned at the top of the combs 158 pressed both 

by the lead pusher 90 and the test contactor 103. 

30 

[0041] As has been foregoing, the contact 

assembly for an automatic test handler in 

accordance with the present invention comprises a 

vertical drive having a pusher arrangement for 

pushing the carrier module downward, a test tray 

having one or more IC carrier modules which can 

securely retain chips of various configurations, and 

a test contactor for supplying and receiving test 

signals. The contact assembly of the present 

invention can efficiendy make electrical contact 40 

between the test contactors in the test fixture and 

the leads of modern ICs by utilizing a pusher 

assembly and a carrier module both of which are 

flexibly aligned to be "floating" for easy 

positioning each other. 

The contact assembly of the present invention is 

also provided, in the vertical drive, with a plurality 

of individual drives corresponding to each of the 

carrier modules for independently pushing the 

carrier module so that the device in the carrier 50 
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module can perfectly contact with the contactor 
leads. Since the individual device overcomes the 
fluctuations of spacing between the leads of the 
device and the contactor due to the curvature of the 
tray or the degradation of flatness of the test fixture 
by independently provides additional stroke to the 
carrier. 

[0042] Although the invention has been described 
in terms of the preferred embodiment, other 
embodiments that are apparent to those of ordinary 
skill in the art are also within the scope of the 
invention. Accordingly, the scope of the invention 
is intended to be defined only by reference to the 
appended claims. 

[BRIEF DESCRIPTION OF THE 
DRAWINGS] 

[FIG. 1] is a perspective view of an automatic test 
handler which includes a contact assembly 
mechanism in accordance with the present 
invention. 

[FIG. 2] is a rear view of the automatic test handler 
of FIG. 1 illustrating a soak chamber, an unsoak 
chamber and two test heads. The contact assembly 
of the present invention is incorporated in the test 
head. 

[FIG. 3] is a flow diagram for explaining a total 
test process of an electronic device in accordance 
with the automatic test handler of FIGS. 1 and 2. 

[FIG. 4] is a cross sectional view of the contact 
assembly of the present invention, wherein a 
vertical drive, a test tray having a number of carrier 
modules therein and a test fixture are arranged in 
vertical relationship. Each of the carrier module is 
provided in its seat with an electronic device to be 
tested by the test handler, for example, a 
semiconductor integrated circuit, 

[FIG. 5] FIG. 5(A) is a perspective view of one 
example of a carrier module of the present 
invention including a seat and slits for the leads of 
the device. FIG. 5(B) is a cross sectional view of 
the carrier module along the line A-A of FIG. 5(A) 
including an electronic device to be tested in the 
seat of the carrier module. 
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[FIG. 6] is a plan view of an example of the test 
tray of FIG. 4 including the carrier modules of 
FIGS. 5(A) and 5(B) in accordance with the 
present invention. The test tray is supported by the 
tray guide and transfer which is illustrated in more 
detail in FIG. 7. 

[FIG. 7] FIG. 7(A) is a partial sectional view of 
the contact assembly of the present invention 
showing the detailed structure of the vertical drive, 
the test tray and carrier module and the contactor in 
the test fixture. FIG. 7(B) is a cross sectional view 
showing the positional relationship between the 
device leads and the slits in the carrier module 
taken along the line A-A in FIG. 5(B). 

[FIG. 8] FIG. 8(A) is a partial sectional view of 
the contact assembly of the present invention 
showing the process of the contact mechanism, 
wherein a pusher of the vertical drive engages with 
the carrier module. FIG. 8(B) is a cross sectional 
view showing the positional relationship between 
the device leads, the slits in the carrier module and 
the lead pusher at the state of FIG. 8(A) take along 
the line A-A in FIG. 5(B). 

[FIG. 9] is a partial sectional view of the contact 
assembly of the present invention showing the 
process of the contact mechanism, wherein the 
pusher and the carrier module are in a floating state 
by the further vertical advancement of the vertical 
drive from that of FIG. 8(A). 

[FIG. 10] FIG. 10(A) is a partial sectional view of 
the contact assembly of the present invention 
showing the process of the contact mechanism, 
wherein the carrier module starts to contact to the 
contactor leads of the test fixture by the further 
vertical advancement of the vertical drive from that 
of FIG. 9. FIG. 10(B) is a cross sectional view 
showing the positional relationship between the 
device leads, the slits in the carrier module, the 
lead pusher and the test contactor at the state of 
FIG. 10(A) taken along line A-A of FIG. 5(B). 

[FIG. 1 1] is a partial sectional view of the contact 
assembly of the present invention showing the 
process of the contact mechanism, wherein vertical 
movement of the vertical driver has come to an end 
after further vertical movement from the FIG. 
10(A). 
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[FIG. 12] FIG. 12(A) is a partial sectional view of 
the contact assembly of the present invention 
showing the final stage of the process of the 
contact mechanism, wherein an individual vertical 
drive provides an additional vertical movement to 
the carrier module to realize the complete 
connection of the device leads and the contactor 
leads. FIG. 12(B) is a cross sectional view 
showing the positional relationship between the 
10 device leads, the slits in the carrier module, the 

lead pusher and the test contactor at the final state 
of the contact procedure of FIG. 12(A) taken along 
line A-A of FIG. 5(B). 

[KEY] 

20 Test handler (Automatic Test Handler) 
22 Carrier Module 
24 Test tray 
26 Loader 
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32a, 32b Sort pick and place 
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36a, 36b Test head 
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